
The Production Problem 
By GROUP C.t\PTAll\' 11. H. l•'t)(IJ'TIT 

"Here is the area of deep 
concern - the Sovdets are 
presently beating us at our 
own game - production.'' 
-General Thomas D. White. 

Deputy Chief of Staff~ 
U.S. Air Fo1'ce. 

~E HOUSE thundered its ap• 
_l proval. .Amid the tumult Wins• 

ton Churchill stepped down 
from the speaker's stand. There was 
no doubt about it, his visit to Canada, 
on this cold wintry day in December, 
1941, and his speech to the Canadian 
House of Commons, were an unquali­
fied success. All Canada cheered his 
fighting words. For he had made it 
clear that World War II was in the 
"build-up" stage, and the Allied na­
tions must look to their arms and pre• 
pare for the big battles yet to come. 
"How long this period will last!" he 
had said, "depends upon -the vehem­
ence of the dfort put into production 
in all our war industries and ship­
yards.', 

Churchill had come to Canada in 
the midst of his clandestine "Arcad­
ia,, conference with Roosevelt. With 
the Japanese attack on Pearl Harbor 
only three weeks past, the great Eng­
lish speaking nations were now united 
in war against a common foe. And 
war meant arms. And arms meant 
production. Consequently Churchill 
and Roosevelt had spent many hours in 
the White House leafing over pro­
duction plans. The pre-Pearl Harbor 
estimates, compiled by Beaverbrook 
from the U .K. and Harriman from 
the U.S., had called for the production 
of 28,000 operational aircraft in 1942. 
But the Arcadia conference upped 
these calculations. Jubilantly Church­
ill cabled home. The goal was now 
45,000 operational airplanes in 1942, 
and 100,000 in 1943. 

Numbers Racket: In 1942, as today, 
these figures approached the astronomi­
cal. The President was accused of go­
ing in for the "numbers racket.,, Even 
the great production boiler house of 
the V.S. rouldn 't copt' with such co­
lm~al 11t11nlins. or ncr1 ~·omc cJoq· tc• 

them. Still, they were real anJ necess­
ary targets. And if we were faced 
with another global war today, we 
would be faced with similar stupend­
ous production goals. Yet what have 
we done, in the 15 years since Church­
ill stood before the Canadian House of 
Commons, to simplify aircraft so that 
they can be readily produced? 

The bare fact is that we of the \Vest­
em World have spent billions for aero­
dynamics and have an empty pocket 
book for production. We are sadly out 
of balance. And since we lack a funda­
mental foundation for e:tsier produc­
tion, we are hooked on the horns of a 
dilemma. Dean P. Stowell. Assistant 
to the President of CanaJair Limitcd. 
summed up the situation to the Society 
of Automotive Engineers <luring an 
aircraft production conference, "The 
individual contractor is faced with a 
paradoxical situation that says on one 
hand 'do something new and bold and 
different (in production tooling) in 
order to gain the potential ad,·antage 
available' and says on the other hand~ 
'use caution; historical data does not 
disclose any successful operation that 
varies to any considerable extent from 
custom.' ,, 

The products of this customary ap­
proach, that Dean Stowell talks about, 
date back at least to 1921, 35 years ago, 
when Imperial Oil brought two metal 
aircraft to Edmonton for northern op-
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l·r;1tions. These were iive-place, Ger­
man Junkers machines. Each was 
powm:<l by a single I i5 hp. engine. 
\Vith a big radiator mounted at the 
nose of the fuselage, the cowlings and 
structure from there back were corru­
gatcJ aluminum alloy sheet. The 
Junkers was a cantilever monoplane, 
and the same type of corrugated metal 
skin ran chordwise O\'er each wing. In 
a little o,·er a year, both of Imperial 
Oil's metal Junkers were either wreck­
ed or out of commission. But if we 
could bring back and strip down these 
old timers today, we would find the 
aluminum skin, metal fittings, rivets, 
;:11<.I similar parts that an: still used on 

our most moJcrn transports. How 
for. then, have we progn:ssed in pro­
durability in 35 years? 

Technique & Designs To probe this 
proJuction problem we can consider it 
in two sections, (a) proJuction tech­
ni4ues, and ( b) proJuction design. In 
~icnwl operations, of course, these are 
oiten interlocking parts of the same 
puzzle. Still, it simplifies the sequence 
if we can consider them separately. 

From the hand-made, 19.21 Junkers. 
to the tooled-up 1957 CanaJair CL-28, 
the RC:\F's maritime patrol version 
of the Bristol Britannia transport, there 
is obviously a vast difierence in pro­
duction techniques. Yet there is no 
doubt in my mind that there is still 
room for impro,·ement. V•/hen we 
look at the production methods of the 
automoti\·t' and refrigerator industries. 
ior example. we may ieel that they 
have reached the zenith. Yet the in­
d ustri:il consultarnt, Peter F. Drucker, 
says in his hook, The Practice of Mt111-

agcmc-111, "So universal is 1nass produc­
tion to<foy that it might he assumed 
that we know all about it ... This is 
far from true. Af tcr -¼O vcars we are 
only now beginning to. understand 
what we should be doing." 

If the <lawn of cnlightmcnt is just 
beginning to glow over the horizon 
for the real mass production industries, 
lw\\' far ht-hind, then, is this dawn for 
dit: a:rc:;1:t industries? :\Jmitt<.·Jiy 



there are certain complexities to air­
craft construction an<l procu rement to 
plague the: companies and force a com­
promise.:. .\ s T. V. Ch:.111<.ller, Director 
ot Admin istration , \lbnufacturing, for 
Canatlair told the: C.111adia11 Aeronaut­
ical Institute in Winnipeg this year, 
"An .iircraft project is duomed to fail­
ure by strictly following mass produc­
tion pruce<lures an<l techniques. It 
:s therefore necess:iry th:it we, in :iir­
cr:ift m:rnufacturing, pick an<l choose 
from both mass production an<l experi­
mental production techniques, select­
ing mc.:tho<ls and pron:dun:s which 
can he de\'doped to meet our own par­
ticular prublc.:111." ' 

Elementary to Ultimate: T o apprec­
i:ae the production problem it is nec­
essary to c:ttegorize the various proced­
ures that have st:ibilizt:<l since tl1:1t <lay 
in 1893 when Henry Fore.I awe<l the 
rc.:sidc.:nts o.f Detroit with his hand­
:nadc.: "gas buggy". The four basic 
product ion systems are shown in Fig­
ure I. They are also listed in or<ler 
of merit. In othc:r words, the Unique 
Product procedure: is the most dc:ment­
ary, and Pro~ess Production the most 
rdint:d. In grncral. all products ten<l 
to start in the Unique Product cate­
gory and progress up to the ultimate, 
the Process Prcduction scheme. 

In brief. the U11iq11e Product system 
is, as the name implies. a limite<l pro­
duction procedure whc:rc: e,·ery item is 
more or kss different tu the others on 
the line. Houses, battleships. wartime 
Liberty ships, an<l other such products 
fall into this dass. T he Old Style Mass 
Protl11ctio11 system is the manufacture 
of uniform products in large quantities. 
This is th~ systc:m that the autcmoci,·e 
manufacturers pioneered. It was 
through this ~ystcm that Ford could 
s~t his sights on 1,000 \l[c<ld T cars 
a <lay in 1910. and shock into incoher­
c:nce his business associates. It was re­
finemen ts in this system that oc..:upied 
Fore.I an<l his \[odcl T production men 
for two dec:tdc:s and popularized such 

,\Jay, 1956 

Tho u ;.:h lw ~ically nianJ' o f the structural co mpo n ents used in m o dern a ircraft 
have little t·lrnn~e d in the las t 25 years, the tools used to make these parts have 
become bi ;.:;.:e r u 11c.l more comp lex. Top L, Can a da ir's te m p late camera, la rgest 
in u~e in Canada : abo"e, A\'ro Aircraft's l!ia nt new r ubbe r pad fo rmin;.: p ress, 
:;a id to be bi ;.:;.:c~t of its k ind in the world ; be low, Canadair's s tre tch press. 
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phrases as "You can have any color 
you want, as long as it's black." 

The: Nell' Style Mass Production pro­
cess is relati\'ely recent. It probably 
will, in due course, supersede the Old 
Style scheme in many industries. In 
this case, the emphasis is on the mass 
production of uniform parts, which can 
be mass assembled, by selection, into 
a large variety of different products. 
This is the most powerful production 
concept in the manufacturing world 
today. But it is not easy to work out. 
It took one electrical manufacturer over 
three years to devise the basic part 
standardization that would permit the 
selective assembly of his 2,200 different 
products. 

Product & Process: The most ad­
vanced S\'Stem of the four, is Process 
Producti~n. In this case, the product 
and the process are welded into one. 
This is the scheme that is used in the 
chemical and oil refinery business. 
Its basic theme is continuous flow 
and automatic regulation. In one huge 
petroleum product plant, for example, 
three men at a control panel monitor 
the production of a vast plant covering 
acres of ground. 

From a review of these basic pro­
duction procedures it is apparent that 
some aircraft may touch on the Old 
Style Mass Production techniques, 
whik 11101,1 rest 11<:a\'i)y on the lowest 
rung of the laddi:r, the Unique Pro-
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duct scheme. No matter what we do, 
we never seem to get it out of this cat­
egory. There are too many stumbling 
biocks in peacetime that tend to make 
e,•ery airplane an indi\'idual item pro­
duced from minimum tooling. For ex­
ample, money is tight and there is lim­
ited demand for the final product. If 
a civilian manufacturer can sell 300 of 
any airliner he cares to produce, this 
is front page news; or if he can churn 
out 1,000 of one type of fighter he has 
saturated his military market. On top 
of this, advances in technology, or cor­
recting of design deficiencies, keep a 
never ending flow of modifications go­
ing. And operational requirements, 
both civil and military, demand peak 
efficiency, which in turn demands con­
tinual change. Thus, day after da\'. 
cost, change, and limited numbers ke~p 
us tied to the most rudimentary pro­
duction process. 

If- we think and operate this way in 
peacetime, is it any wonder we can't 
shake off these shackles when war ar­
rives? On that day we will need air­
planes by the thousands. With pres­
ent techniques our industry will be 
taxed to the extreme turning out fight­
ers, patrol aircraft, helicopters, and 
other military vehicles for the RCAF, 
and equally important, cargo trans­
ports and airliners for the supporting 
sen·ices of Trans-Canada. Canadian 
Pacific an<l the otht:r Canadian air car-

riers. In 1940 \\'inston Churchill 
wrote to President Roosevelt: "It 
takes hetwet:n three and four years to 
con\'crt the industries 9£ a modern state 
to war purposes:· In this age of the 
atom, who can say whether we will 
h;l\'l' such time to prepare our arms. 

Production Design: Lea,·ing the 
proJuction technique side, let's ha\'e 
a look in the production design de­
partment. Undoubtedly in the 35 years 
since the day of the Junkers, we have 
made some progress. \Ve have refined 
our engineering data so metal aircraft 
structures can be designed and stressed 
for higher loads: with more efficiency, 
than ever before. The net result is a 
s;n·ing in weight. But when we sift 
the details, a lot oi this weight sa\'ing 
in metal monocoques can be credited 
to the metallurgist. Hunched o\'er 
his test tubes and spectroscope, he is 
the one that has really led the way with 
high strength structural materials. The 
aeronautical engineer has plodded in 
hi~ path, designing the shape of these 
new metals exactly as he did those of 
the past. In other words, the aeronaut­
ical engineer has been of little help 
to the production man. 

Take for example: the number of 
parts that must be designed for the 
modern aircraft. In general, the more 
parts there are1 the harder and cost­
lier the aircraft is to produce; more 
bits an<l pieces must be processed and 
put together. Thus the manufacturing 
time and the assembly time are both 
stretche<l out. There has been some 
tcn<lency to reduce the number of parts 
in modern airplane structures. But on 
the whole there hasn't been great 
changes and the number of parts still 
tends to increase with the size of the 
aircraft as shown in Figure 2. So we 
can ask ourselves, "\\That ha\'e we done 
through the years to really design air­
planes to reduce the number of parts, 
simplify manufacture, reduce assembly 
time, and cut costs?'" 

Very little, I vhink. In fact on both 
the design side and the technique side, 
we have been woefully wanton. But 
what can we c.lo about it? In the first 
place, here in Canada, we need some 
stability in the government agencies, 
hoth service and civilian, that are charg­
ec.l with setting the policy and pace 
ior our production industries. With 
this stability will come staffs that know 
production ;md its problems-not sup-

AIRCRAFT 



Photos show co mplicatt.-d s tructure of CS2F compone nts under construction at 
CanCar's Ft. \\' illiam plant. Aho,·e, drillin~ and rivetting corruga tions to 
outer skin o f win;: pane l ; below, wing-root end of centre sect ion, sho wing th e 
maze of e lectrica l cables, l,~,dra ulic lines, und wing-fold j o int fittings. 

Use of machine d integral s tiffening whereby airframe structural part~ nre rna­
diined fro m so lid stock is spreadin~ ra pidly. Be low, ne w Lockheed 1649A win;:, 
near comple tio n. Integra l stiffenin g is evident on lower pa nel in left background. 
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crficially. but from real. honest work­
ing kno\\"ledge. And once this occurs, 
new plans and programs will be plant­
ed. Encouragemclll and enthusi;tsm 
for hctter production design and better 
production techniques will blossom 
forth. \Ve should he able: to stc:cr a 
course straight to the heart of this 
production problem. 

Ups & D owns: The RC:\ F and the 
RCN. the big operators of Can:idian 
,1ircraft. have an indirect interest in 
this production problem and its indus­
trial base. So do other government 
dep:irtments. But the agency that has 
the direct interest is the Department 
of Ddence Production. For 17 years 
now. this important department, and 
its predecessors, has had a hectic car­
eer-the \"ery opposite of stability. 

In July, 1939, the Defence Purchas­
ing Board was set up to carry out all 
defence procurement. In a matter of 
months it was superseded by the \~1ar 
Supply Board, and in early 1940 by the: 
Department of i\lunitions and Supply. 
This bttc:r agency carried the hea1·y 
lo:id of wartime procurement until it 
too, came to an end aftc:r the w:i r and 
the Canadian Commercial Corporation 
took on:r the job. On April I , 195 1, 
with the: bullets flying in the Korean 
confl ict and defence purchasing weigh­
ing heavily on the: budget, the Depart­
ment of Defence: Production was born. 
It \\"as initially given a li fetime: of 5 
n ·ars. A hea\"y barrage: was aimed at 
i:~ tc:nm of reference during last ye:ir·~ 
p:irliamenta ry session. But it m:111agr.:d 
w struggle through to get its life ex­
tended indefinitdy. 

Since a true understanding ui pro­
duction takes y:.:ars to master. it is not 
surprising, with ~uch ups and downs. 
tha t we in C:111:ida ha\"C never rea lly 
probed the production problem. Since 
1951 wt have spent almost S2 billion 
011 aircraft programs and over $175 
million in capital assistance-to set up 
the ai rframe, engine, and accessory 
manufacturers with the tools and facil­
ities-yet we ha \"cn 't spent a penny on 
trying to improve: ai rcraft production 
d:.:sign and techniques. For instance:, 
havt we ever asked cur 1'"ational Re­
search Council or our National Aero­
nautical Establishment to dig into dr.:­
sign parameters for produc:ibility r And 
if we: did, would they be stafft:<l and 
set up to tackle such a chore? 

A/la.'F<AFT 



ilw g11cssti111:1lc of I 'i.000 lb. thrust per 
rn_t:inl' is dc:riH·d frolll the duct sizl' 
and thl' co11s111n1nio11 of 5.1 00 Imp. 
galln11, during thl' 31 :-hour 1.500-milc 
flight frolll !\Insco\\' lO I .ondon. It could 
he thl' 18.000 lh. thrust rrcditc:J to thr 
Badgc:r- tlit· intake, art· large cnough­
dcprnding upon rngi ne cflicienn-. 
There is no question of the cngin~s 
hci11g "crutk" or "rough": the: fuel used 
indicates contemporary rnnsumption. 
As far as pc:rformance goes. the Cara­
\'ellc is flying \\'Cl! 011 two I 0.500 lb. 
cngmes. 

The engines are mounted behind the 
\\'ing spar and the nacelle line lies 
mainly hclo\\' the \\'ing. This gi\·es a 
clear ai r duct run u nder the torsion box. 
\\'ith low structure weight and low duct 
losses. 

The jet pipes are slightly splayed out 
and there are large fillets to take the 
initial jet buffeting. but e\·en so they 
are \·ery close to the pressure skin for 
such high po\\'ers. 

fuel seems to he carried in the tor­
sion hox from tip to tip-through the 
fuselage. Total is 8.000 Imp. gal. Fuel 
is also carried in the tail fuselage as 
ha Ila st. This means a long fuel line 
through the pressure Yolume. (This is 
Jone for a short distance in the Car:i­
\·elle. using a steel duct Yented to the 
atmosphere.) 

The lh1ssian·s claim of 500 mph plus 
cruisi 11g speed seems perfectly reason­
:1ble. as is that for a maximum range 
( presumably stage length) of 2,000 
statute miles. The cabin differential is 
lo\\', gi\·ing a c:1bin altitude of l 0,000 
ft. at 33.000 ft.-or 6.25 lb. ·sq. in. I ndi-

\·iclual oxygen is prO\·icled at each seat. 
The airplane flew the fifteen hundred 
miles from Mosrow to London at a 
hlock speed of ·147 mph. which appears 
to confirm the speed claim. since the 
kt-Jo\\'n \\'as in bad wcatht.:r. T he 
rt.:turn trip \\':ls made at 484 mph. 

Electro11 ic Aids: Tht: I~ ussi:111 ·, claim 
th:n it ha, more radio and r:1d:1r aids 
than any other tr:111sport-thi, is sureh· 
truc of the \·isitor. Although it still ha~ 
the charactt:ri stic So\· iet '\,·ashing line" 
MF aerial from cockpit lO fin. it has 
\'H f-', u HF external and suppressed 
aerials, some most unusual ones along 
the cabin roof. radio altimeter and H2S 
-it has no \'isihk homer ho\\'en:r . 

Summing up. the \\'ritcr \\'oulcl say 
that external e\·idcnce sho\\'s the Tu-104 
to he in line with current thinking and 
pr:1ctice: neither a copy. nor vet strik­
ingly original. Tt is well built and 
should haYe a contemporary perfor­
mance. Persoo1a lly. J would c:dl it a 
troop transport fi rst and an airl iner 
second . The use of Badger components 
will make it easy to produce rap idly in 
quantity and. e\·en if it lacks certai n 
\.Vcstern standards in prc::ssu ri za tion 
and economy. it may well he offrred 
in the \,\' arid markets at a cut price. 

PRODUCTION PROBLEM 
( C11111i1111cd from l'"Jil' 72 ) 

Plans & Pol icies: There arc: other 
plans and pclicin that might accrue 
from stabilized and und~rstandi11g ag­
encies in Otta\\'a. The Ser\'ices. for n-

ample might take another look at 
their co11 ti11ual change and modific:1-
tion programs. The financial experts 
might in\·est in more peact.:time tool­
ing. to losttr the tcchniques and dc­
rrc::1sc thc production risks if \\'ar wnc 
l l' start tomorro\\'. The :1ircr:1ft com­
p:111ics. too. might fccl free to come 
lor\\'ard \\'ith ad\·ancnl thought~ 011 
production processes. or cvt.:n propose 
cxperimcmal programs aimed at sim­
plifying the design and tooling proh­
ltms. 

There are ohYiouslr many such facets 
to this product ion problem . But one 
thing is certain. we are sadly out of 
balance hetween our ideas and expendi­
tures 011 pure technical aspects. and 
those on producabi li ty. T oo long ha\·c 
\\'C he\\'cJ to the st raight technical lint.:. 
I: is no wondt:r, then, as General \.Vhite 
of the: l..: .S . . ·\ir Force has warned. 
that the So\·icts are hc:ning us at our 
own production game. Lord Trench­
ard, " father'' of the Royal Air Force, 
wrote a letter to tht: London Times. 
\\'hich, I think, sums up the situation 
\'cry adequately. ·•1t has taken too 
long from the time the machine is on 
the dra\\'ing hoard, to the time it is in 
the front linc. f-or many years now 
l he re has hern 110 impro\·emcnt in the 
delay in production except that 'super· 
has heen added to tht: word 'priority·. 
which has h:1d no dkct. of rnursc, on 
production ... 

1t·, high time \\'C stopped h:111d1'ing 
\\'Ord~ on thi~ produrtion problem. as 
Lord Trenchard said and start doing 
somethi11g concre te about ;1 solution. 
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